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4 Chapter 4 Characterisation of cell specific markers in the co-
culture model at ALI 
4.1 Introduction 
In order to validate that the mono- and co culture models grown at ALI mimic the human 
airways in vivo, it was necessary to be able to identify the different cell types especially when 
grown in co-culture applying fibroblasts and epithelial cells in the same model system. After 
determining collagen IV was a supporting growth substrate and selecting suitable cell culture 
media for all in vitro models established, the challenge now was to select experimental methods 
that allow the identification of different cell types as well as visualizing their location and 
distribution in the model system. A further complexity was that the cells were to be grown on 
TWs at ALI in order to promote epithelial differentiation, which has been shown for several 
airway epithelial cell lines before (Wiesel et al., 1983, Gruenert et al., 1995).  
Using light microscopy is not an option as it is almost impossible to see the cells once they are 
seeded on TWs and especially with the outlook towards an even more complex model 
employing HPF and epithelial cell lines, another method is needed. One way of identifying 
specific proteins, peptides and thereby different cell types is to use immunocytochemistry. In 
order to be able to identify an immunogen of interest, specific antibodies against that particular 
immunogen are raised and those can then be used in cultured cells or in tissues samples to 
detect localisation of the protein of interest (see 2.7). Many antibodies are commercially 
available from life sciences companies, such as Abcam.  
All in vitro models presented in this project, apart from HPF in mono-culture, employ bronchial 
epithelial cells, which are known to express cytokeratins (CK). CKs are a subfamily of 
intermediate-sized filaments, are classed as epithelial cell specific markers. Expression profiles of 
CKs are not only cell type specific and tissue specific, but are also indicative of the cellular state 
of differentiation, which has been reported to be tightly correlated (Moll et al., 1982). CKs can be 
classed into type I (acidic) and type II (neutral basic), which always form heteropolymeric pairs 
with one another to constitute their filamentous structure (Moll et al., 1982). Type II CK5, for 
example, forms a heteropolymer with type I CK14 and is expressed in the basal epithelial layer, 
therefore antibodies to CK5 or CK14 are generally used to identify basal cells in epithelial tissue 
or cell cultures (Purkis et al., 1990, Moll et al., 1982). These intermediate filaments also serve 
basal cells to strongly attach to the BM through forming cell-ECM junctions, termed 
hemidesmosomes, supporting the mechanical integrity of the tissue. Additionally CK filaments 
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also span through the cytoplasm, hold the nucleus in place and attach to the desmosomes, 
intercellular junctions (Green and Jones, 1996). 
As described in chapter 1, the large airways are lined by a pseudostratified epithelium (simple 
epithelium), which comprises not only basal epithelial cells, but also lumen-lining differentiated 
cells, which are columnar ciliated cells. These can be detected using antibodies against CK 8 or 
CK18, markers of differentiated epithelial cells, which are typically co-expressed to form the 
intermediate filament (Moll et al., 2008). Thus, antibodies to CK5 and CK8 could be used for 
presented mono- and co-cultures on TWs to specifically identify basal and differentiated 
epithelial cells respectively. In addition, a distinct, cell-specific marker was also needed for 
identifying fibroblasts in these mono- and co-cultures. For this, the 1B10 antibody against 
fibroblast surface protein and an antibody to vimentin were used. The 1B10 was developed in 
the nineties mainly to remove non-epithelial cells from thymic epithelial cell cultures, as it was 
shown that 1B10 binds human fibroblasts, tissue macrophages and peripheral monocytes (Singer 
et al., 1989). Vimentin is one of the main structural components of intermediate filaments 
expressed in cells of the mesenchyme. Intermediate filaments are expressed in fibroblasts and 
are needed not only for stability of the cell and structural support but also for some vital cell 
functions and motility; vimentin helps with chemotactic migration and it has been shown if 
vimentin is absent, fibroblasts show a slower wound-healing process (Eckes et al., 1998, Wang 
and Stamenovic, 2002, Eriksson et al., 2009). 
Furthermore it was essential to analyse whether the mono- and especially the co-culture models 
mimicked the in vivo situation closely in terms of their appearance as a pseudostratified 
epithelium (with HPF underlining the epithelial cells), forming a confluent cell layer of tightly 
connected epithelial cells. Additionally, it was important to identify whether mucociliary 
ciliogenesis takes place and the expression of microvilli and cilia had been initiated. Cilia play an 
important role in the respiratory system as part of the innate defence mechanism by 
transporting the mucus and all entrapped bacteria, viruses and toxins towards the pharynx 
(mucociliary escalator). As described in chapter 1 this clearance and defence system is impaired 
in CF lungs because cilia get trapped in vast amounts of viscous and dehydrated mucus, which 
makes it impossible for them to beat and ultimately frustrates the mucociliary escalator 
(Houtmeyers et al., 1999). Thus, the evaluation of these novel in vitro mono- and co-cultures 
included an investigation for the presence of cilia and microvilli on the apical surface.  
 
Another aspect of importance was the influence of HPF on pseudostratified mucociliary 
differentiation and intercellular communication. As already mentioned in chapter 3, 
mesenchymal- epithelial interactions as well as epithelial- ECM interactions are important for 
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lung development and repair (Knight, 2001). Furthermore fibroblasts play an active role in 
cytokine production for example (Kelley et al., 1991) as well as in growth factor production (Shoji 
et al., 1989).  
In vivo the epithelial cells attach to a region called the basement membrane zone (BMZ), which 
serves as connective junction between these and the underlying connective tissue. The 
epithelium attaches through adhesins and hemidesmosomes to the BMZ and in close proximity 
to fibroblasts, which are immediately beneath the epithelium (Evans et al., 1993) and have been 
suggested to modulate several important functions, including recruitment and activation of 
inflammatory cells (Evans et al., 1993, Evans et al., 1999). The recruitment of neutrophils in the 
high numbers in which they appear in the CF airways has so far mostly been related to immune 
cell/epithelial IL-8 secretion whilst fibroblast involvement in the strong inflammatory response is 
still unknown.  
 
There are co-culture models that have revealed that postmitotic fibroblasts, which serve as static 
feeder layers, are able to stimulate airway epithelial growth under submerged conditions and on 
TWs (Wiszniewski et al., 2006, Skibinski et al., 2007). However in these models the proliferation 
effects that epithelial cells have on fibroblasts were eliminated by irreversibly blocking 
proliferation of fibroblasts by using mitomycin C. Whether this has a direct effect on 
accumulation of epithelial derived stimulators, the direct physical interaction of these two cell 
types and the interaction with ECM are not known but these important features need to be 
investigated to elucidate the controlled interactions of these two cell types that are found in 
vivo. Furthermore it has been shown that mitomycin C upregulates IL-8 secretion in corneal 
fibroblasts, even after removal from culture medium (Chou et al., 2007). IL-8 is the key 
chemokine in CF and, since accurate analysis of IL-8 release is of paramount importance to this 
project, the use of mitomycin C-treated, IL-8 secreting fibroblasts would prevent this. In 
addition, the project aimed to measure the fibroblast response to stimuli, such as bacteria, 
therefore employing actively proliferating, responsive primary human fibroblasts is an 
imperative feature required to make these co-culture models more accurate and closer mimic 
the in vivo situation.  
Additionally, proliferating HPF were in direct contact with the epithelial cells in the current 
model system without having a physical barrier (membrane) between the two. One challenge 
was thus to characterise the different cellular locations in the co-culture models and validate 
that active fibroblasts can be used for these kinds of studies.  
For over twenty years mono-cultures of epithelial cells at ALI have been used routinely for 
studying epithelial cells and behaviour in vitro. During this time, better techniques have evolved 
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and biotechnological, semi-permeable membranes have improved but no one has reported a 
model applying proliferating, metabolically active airway fibroblasts directly underlying the 
epithelial cells, which are then grown at ALI. As already mentioned above, fibroblasts play an 
important role in lung development and cell-cell interactions (Shoji et al., 1989), therefore these 
models would be a valuable addition to existing cell culture models in vitro as well as to available 
animal models in vivo. 
Further characterisation of the models, especially the co-culture models of non-CF and CF 
human airways in vitro is required to verify that the epithelium develops into a well 
differentiated functional pseudostratified epithelium in the mono- and co-culture model systems 
and secondary that the fibroblast cell population supports this and do not overgrow the 
epithelium. 
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4.2 Aims 
 
The overall aim of the studies described in this chapter was to further characterise the in vitro 
mono- and co-culture model systems for non-CF and CF human airways with the criterion of 
epithelial differentiation in terms of generating a multi-cellular, ciliated and pseudostratified 
airway epithelium and to characterise the influence of HPF on epithelial differentiation in the co-
culture model. 
 
In order to achieve this, the first aim was to determine cell type specific markers useful for cell-
specific immunocytochemistry labelling in mono-and co-cultures under submerged conditions as 
well as for cultures at ALI.  
The second aim was to be able to distinguish between the epithelial cells and the fibroblasts and 
to localise their position, especially in the co-culture models. In order to achieve this histologic 
analysis of mono- and co-culture cross sections (ALI) was performed. 
The third aim of this chapter was further investigation of fibroblast and epithelial cell layer 
morphology in mono-and co-cultures and to investigate whether cilia formation takes place and 
whether this is modulated by HPF as subepithelial cell layer. 
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4.3 Methods 
4.3.1 Antibodies 
Mouse monoclonal antibody to fibroblast surface protein (1B10; ab11333, 0,2 mg/ml), mouse 
monoclonal anti-cytokeratin 8 antibody (0.5 mg/ml, ab9023) and mouse monoclonal anti-basal 
cell cytokeratin (CK5) antibody (1 mg/ml ab9272) were purchased from Abcam (Cambridge, 
USA). The mouse monoclonal anti-vimentin [V9] antibody was purchased from Gene Tex 
(GTX76575), mouse IgG kappa (Mopc 21, 5 mg, m-7894), and goat anti-mouse fluorescein 
isothio-cyanate (FITC) secondary antibody (F0257) was purchased from Sigma. 
 
4.3.2 Immunocytochemistry 
Immunocytochemistry was performed on 4- well slides as well as TWs and the methods are 
described in detail in chapter 2.7.2 and 2.7.3. All primary antibodies used were mouse 
monoclonal antibodies, as detailed above. The secondary antibody for all staining was goat anti-
mouse fluorescein isothio-cyanate (FITC, green). The staining was always finished by mounting 
the samples in a hard set mounting medium containing DAPI to stain the nuclei blue. 
 
4.3.3 Histology 
The TW samples were fixed with 10% (v/v) formaldehyde added to the cell culture medium. Any 
further processing, sectioning and staining was performed in Birmingham University by Gary 
Reynolds, Healthcare Scientist. The process is described in more detail in chapter 2.8. 
 
4.3.4 Electron microscopy 
Electron microscopy was conducted at the University of Birmingham at the Department of 
Metallurgy with the expert assistance of Paul Stanley (Manager of the Centre for Electron 
Microscopy). His protocols for SEM and TEM are described briefly in chapter 2.12 . 
  
 4.4 Results 
4.4.1 Immunocytochemical characterisation 
To determine the presence and distribution of the two different cell types in the final 
establishment of the proposed co
employed that were cell type specific (i.e. fibroblast or epithelial) and did not show any reactions 
with the other cell types.
4.4.1.1 Immunocytochemistry on submerged cell cultures on 4
In order to identify whether the chosen an
able to differentiate between epithelial cells and fibroblasts in the final co
immunocytochemical staining was performed on submerged cell mono
first indicator of the specificity, and therefore usefulness, of these antibodies (described in detail 
in 2.7.2).  
Figure 4.1 Representative immunofluorescence images of submerged 
HPF cells were seeded on collagen IV coated
medium and were incubated for 2 days before immunocytochemistry staining was performed. 1B10, an 
antibody against fibroblast surface antigen stained HPF positive (green), whereas the two antibodies 
against the epithelial cell mar
for cell type specific markers, staining with 
performed, which were all negative. One sample was fixed and stained with DAP
used as counterstain in all other samples. Images are representative of three individual experiments each 
done in duplicates and random fields of view were chosen and images taken (x 63 magnification; scale bar 
= 31µm) 
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-culture model system, different an
 
-well slides
tibodies suited the requirements in terms of being 
-cultures. This provided a 
cultures of 
 4 well slides at a density of 3.5 
kers CK5 and CK8 did not show any staining. Alongside with 
IgG1 isotype control and secondary antibody on its own 
tibodies needed to be 
 
-culture model, 
 
HPF 
x 10
4
 cells/well in 200 µl 
the antibodies 
was 
I only, which was also 
 After HPF were cultured for 2 days under submerged conditions on 4
and stained with 1B10, which binds to a fibroblast surface protein. The other two antibodies 
used for characterising epithelial cells were anti
used antibodies to CK5 (basal cells) and CK8 (lumen lining). In addition we performed the whole 
experiment following the same protocol with an isotype control (IgG1) or with using only the 
secondary antibody goat anti
only but this sample was only fixed before stained in order to see if processing has a significant 
impact on cellular morphology. Representative fluorescent images are shown in figure 4.1 for 
submerged fibroblasts. HPF
DAPI stained nuclei (blue). No antibody specific staining was observed for CK5 and CK8 in 
submerged HPF cell cultures. The two controls using IgG1 as isotype control or the secondary 
antibody on its own were negative for detectable FITC signal. DAPI staining in the absence of 
antibody treatment showed the same nuclear appearance as on all other samples.
Figure 4.2 Representative Immuno
C38 were seeded on collagen IV coated
and after a 2 day incubation time, 
an antibody against fibroblast surface antigen 
fluorescent signal was seen.
line either but when using 
three negative control staining procedures were carried out: DAPI
secondary antibody alone (FITC only). Images are representative of three individual experiments each 
done in duplicates and fields of view capture
31µm) 
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-well slides they were fixed 
-cytokeratin antibodies. In this
-mouse FITC. One other additional staining was done with DAPI 
 show positive staining for the fibroblast surface antigen (green) and 
cyotchemistry staining of submerged C38 
 4 well slides at a density of 3.5 x 10
4
 cells/well
immunocytochemistry staining was performed. 
did not bind to the cell surface of C38, since no detectable 
 The epithelial cell marker CK5 did not show any specific binding to this cell 
CK8 a positive staining result was observed. Alongside 
 alone, IgG1 isotype control 
d at random for presentation (x 63 magnification; scale bar = 
 experiment we 
 
 
 in 200 µl medium 
It appeared that 1B10, 
cell marker antibodies, 
alone and 
 Submerged C38 cells were cultured on collagen IV coated 4
antibody staining was carried out. For the fibroblast marker antibody 1B10, C38 were found to 
be negative and only DAPI stained nuclei are visualized (figure 4.2 top left panel). CK5, which is a 
basal epithelial cell marker, was noted to be absent from C38 cells as well. However, there is 
strong positive staining for CK8 and this marker can therefore b
in these mono- and co-culture models. C38 are also negative for the two controls and as for HPF, 
DAPI showed that processing after fixation does not change cell morphology.
 
Figure 4.3 Representative immunocytochemistry staining of the epithelial cell line IB3
IB3-1 were seeded at a density of 3.5 x 10
and were incubated for 2 days before 
for fibroblast surface antigen did not specifically bind to the cell surface but a low signal of fluorescence 
could be detected on some cells. The epithelial cell marker
cell line, like C38, but when using 
antibodies, staining with IgG1 isotype control 
were all negative. One sample was stained directly after fixing wit
counterstain in every sample shown. Images are representative of three individual experiments each done 
in duplicates and random pictures were chosen (x 63 magnification; scale bar = 31µm).
 
Immunocytochemistry staining of I
expressed in these cells, whereas, whilst the anti
with this epithelial cell line, the staining intensity is very weak. 1B10 is the antibody against 
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-well slides for two days before 
e used to identify epithelial cells 
4
 cells/well in 200 µl medium on collagen IV coated
immunocytochemistry staining was performed. 1B10
 CK5 did not show any specific binding to this 
CK8 a positive staining result is observed. Additionally
and secondary antibody on its own 
h DAPI only, which was also the 
B3-1 revealed that the epithelial cell marker CK8 is strongly 
-CK5 antibody does occasionally show reaction 
 
 
-1 
 4 well slides 
, an antibody 
 to the cell marker 
were performed, which 
 
 fibroblast surface antigen and in some cases a very weak fluorescence signal on some cells could 
be detected. Cells stained with DAPI alone showed that nuclei look round and equally stained 
with no morphological changes to be identified in the other sample
4.3). 
Figure 4.4 Immunocytochemistry staining representative of Calu
Calu-3 cells were seeded at 
slides and after an incubation of 2 days 
used as fibroblast marker did show some binding to the cell surface of Calu
CK5 and CK8 both stain Calu
directly after fixation to verify that processing does not change cell morphology. An
and secondary antibody only, 
individual experiments each done in duplicates and random pictures were chosen (x 63 magnification; 
scale bar = 31µm) 
 
In figure 4.4 results for immunocytochemistry staining of Calu
1B10, which was used as fibroblast marker an
population of the Calu-3 cells, but this staining is extremely weak compared to expression of the 
epithelial cell markers. In contrast to the other two cell lines Calu
for the basal epithelial cell marker CK5. The green fluorescence created by the antibody staining 
visualizes the intermediate filaments clearly and seems to be located around every nucleus. 
Some cells seem to be slightly on top of others as they are clearly sho
anti-CK8 antibody for differentiated lumenal epithelial cells also shows strong staining of these 
intermediate filaments, which seem to be denser then CK5. The negative control of IgG1 and 
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s through processing (figure 
-3 cells in submerged culture
a density of 3.5 x 10
4
 cells/well in 200 µl medium on collagen IV coated
immunocytochemistry staining was performed. 1B10, 
-3. The epithelial cell marker
-3 specifically. The counterstain DAPI was used in each sample plus on its own 
was performed, which were all negative. Images are representative of three 
-3 cells is presented. The antibody 
tibody, appears to recognise the cell surface of a 
-3 also stains strongly positive 
wn in their full outline. The 
 
 
 4 well 
an antibody 
 
 IgG1 isotype control 
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secondary antibody on its own was negative for any green fluorescence due to antibody binding. 
Again, DAPI staining applied straight after fixing Calu-3 cells, showed that fixation and processing 
has had no direct effects on cell morphology.  
 
4.4.1.2 Immunocytochemistry staining of HPF mono-cultures grown in submerged 
culture on TWs and epithelial cell mono-cultures on TW at ALI 
Additionally to immunocytochemistry staining performed on 4-well slides, it was necessary to 
perform the same staining protocol for HPF grown in submerged culture on TWs as well as the 
epithelial cell lines grown at ALI on TWs to analyse if the different growth conditions and the 
differentiation of epithelial cells would change the staining pattern of each cell type compared to 
cells grown in complete submerged conditions. For this experiment HPF were grown on TWs but 
this cell type has to be kept submerged, whereas the different epithelial cell lines were put at ALI 
after 4 days submerged culture on TWs (see 2.4.6 and 2.7.3). After a further 14 days of culture 
the cells were fixed, permeabilised and blocked before the primary antibodies 1B10, CK5 and 
CK8 were applied.  After the defined incubation time the secondary antibody was applied to all 
samples apart from one TW per cell type, which was pulled out the processing line earlier; 
straight after fixation one TW was stained with DAPI only again to compare if processing changes 
the morphological appearance of the cell layer. This was done for every cell line and as there 
were no differences to be noted these images will not be discussed for every figure but will be 
presented. 
 Figure 4.5 Immunocytochemistry pictures of HPF cultured under submerged conditions on TWs
HPF cells were seeded on collagen IV coated TWs at a cell density of 3
submerged culture HPF mono
staining, whereas CK5 and CK8 do not stain HPF. Negative controls of IgG1 and secondary antibody only 
were run alongside. Images are representative of two individual exp
random pictures were chosen (x 63 magnification; scale bar = 31µm)
 
HPF grown under submerged conditions on collagen IV coated TWs were immunostained using 
the same antibodies as were used to stain cells under submerged
HPF the same staining pattern was observed as was seen for submerged cultures. The fibroblast 
marker antibody 1B10 showed specific staining of HPF and clearly delineated the spindle
morphology of this cell type, where
not show any specific staining under these culturing conditions. The controls were all negative 
indicating specific staining of HPF. 
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 x 10
4
 cells/well. After 14 days in 
-cultures were immunostained with 1B10, which gives the only positive 
eriments each done in duplicates and 
 
 conditions on 4 well slides. For 
as the two other antibodies against epithelial cell markers do 
 
 
 
-like 
 Figure 4.6 Immunocytochemistry pictures of C38 mono
C38 were seeded on collagen IV coated TWs at a cell density of 3
at ALI the mono-cultures were immunostained with 1B10, CK5 and CK8 as primary antibodies f
goat anti- mouse FITC as secondary antibody. For 1B10, a little positive staining of C38 was observed. CK5 
does not stain these cells but CK8 shows positive staining. Negative controls of IgG1 and secondary 
antibody only were run alongside. Imag
duplicates and random pictures were chosen (x 63 magnification; scale bar = 31µm)
 
The staining patterns of the two epithelial cell lines C38 (figure 4.6) and IB3
from what was seen for these cells in submerged cultures. For both cell lines grown at ALI, 
positive staining was seen with the 1B10 antibody, which is directed against a surface protein on 
fibroblasts. Moreover C38 was negative for CK5 under submerged condition
grown at ALI but IB3-1 showed weak positive staining for CK5 when cultured at ALI. Strong CK8 
staining in both mono-cultures of C38 and IB3
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-cultures at ALI 
 x 10
4
 cells/well. After 14 days in culture 
es are representative of two individual experiments each done in 
-1 grown at ALI was observed.
 
ollowed by 
 
-1 (figure 4.7) differ 
s and still is when 
 
 Figure 4.7 Immunocytochemistry pictures of IB3
IB3-1 were seeded on collagen IV coated TWs at a cell density of 3
mono-cultures were immunostained with 1B10, which showed very little posit
also shows little staining and CK8 as the d
staining. Negative controls of IgG1 and secondary antibody only were run alongside. Images are 
representative of two individual experiments each done in duplicates and random pictures were chosen
63 magnification; scale bar = 31µm)
 
The Calu-3 cell line grown at ALI (figure 4.8) showed the following staining patterns after being 
grown in mono-culture at ALI for 14 days.
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 x 10
4
 cells/well. After 14 days the 
ive staining, with CK5, which 
ifferentiated epithelial cell marker showing strong specific 
 
 
 
 
 (x 
 Figure 4.8 Immunocytochemistry pictures of Calu
Calu-3 cells were seeded on collagen IV coated TWs and after 14 days in culture at ALI the mono
were immunostained with 1B10, which was observed to show little staining. Antibodies against the 
epithelial cell markers CK5 and CK8 both showed strong
conditions. Negative controls of IgG1 and secondary antibody only were run alongside. Images are 
representative of two individual experiments each done in duplicates and random pictures were chosen (x 
63 magnification; scale bar = 31µm)
 
1B10 immunostaining revealed a positive result for these cultures showing 1B10 staining around 
some Calu-3 cells presented in the image but no particular pattern can be identified. Strong 
staining of CK5 and CK8 was seen in thes
All negative controls that were run along with each of these experiments showed no staining, 
indicating that other stainings were specific for of any of the cell types. DAPI staining was carried 
out on one TW per staining procedu
was then compared to all other staining to be able to identify possible changes of cell 
morphology due to processing. The anti
specific and stain only epithelial cells, whereas 1B10 appears to show very weak cross
with all three epithelial cells when grown at ALI. 
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-3 mono-cultures at ALI 
 specific staining of these cells under these 
 
e ALI cultures of Calu-3.  
re straight after fixation of cells to stain the nucleus, which 
-cytokeratin antibodies were observed to be cell type 
 
 
 
-cultures 
-reaction 
 4.4.1.3 Immunocytochemistry staining of co
The establishment of co-
1 or Calu-3 needed to be analysed for cell type location and distribution throughout the model. 
HPF were seeded first into the collagen IV coated TW and incubated for four days before the 
epithelial cells were seeded on
for the epithelial cells to adhere and proliferate before establishing ALI. 
 
Figure 4.9 Immunocytochemistry staining of co
After 14 days at ALI the co-
These were 1B10, CK5 and CK8. 1B10 staining was observed in all three co
stronger in HPF-C38 and HPF
HPF-Calu-3, which show weak 1B10 staining but strong CK5 staining. All three co
expression of CK8 but the appearance of staining pattern is different in all three of them different. 
Negative controls of IgG1 and secondary antibody only were run alongside as well as one sample being 
stained with DAPI directly after fixing the cells for observation of morphological changes through 
processing (data not shown). DAPI also served as counterstain for all TWs an
are representative of two individual experiments each done in duplicates and random pictures were 
chosen (x 63 magnification; scale bar = 31µm)
 
Immunocytochemistry staining of all three co
showed that expression patterns of the different immunogens for these antibodies are the same 
as for mono-cultures grown at ALI. 1B10 showed positive staining in all co
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-cultures grown at ALI
culture models applying HPF and one of the epithelial cell lines C38, IB3
 top. Further incubation under submerged conditions was allowed 
 
-cultures at ALI (HPF-C38, HPF-IB3
cultures were immunostained with the same antibodies as the mono
-culture systems but much 
-IB3-1, whereas these 2 models show very weak CK 5 expression compared to 
alysed (blue nucleus). Images 
 
-culture model systems was undertaken and 
 
-
 
-1, and HPF-Calu-3) 
-cultures. 
-cultures show strong 
-cultures but to a much 
 lesser degree in the HPF
were both strongly expressed in HPF
other two models. CK8 is strongly expressed i
show a slightly different pattern when comparing to each other. Compared to each other HPF
C38 and HPF-IB3-1 showed very similar staining for 1B10 but this reaction indicates that this is 
not a possible method to distinguish between the two cell types for any of these co
models. 
 
Immunocytochemistry is a useful tool for identifying expression profiles of cell type specific 
markers, such as cytokeratins for epithelial cells, in mono
as well as for mono-cultures at ALI. However, antibodies can sometimes show non
staining or cross-reaction with different antigens on other cell types than those proposed by the 
manufacturer. This appears to be the case for the 1B10 
staining of fibroblasts but also some staining of all applied epithelial cultures (apart from C38 
submerged) and can in this case not be used for further characterisation of the co
system for distinguishing the two d
For this reason another fibroblast antigen vimentin, was selected and tested. The vimentin 
antibody was shown to be specific for fibroblasts without showing any reaction with the 
epithelial cell surface of C38, I
Figure 4.10 Representative immunofluorescent
submerged mono-cultures on 4
Cells were seeded on collagen IV coated 4 well slides at a density of 3.5 x 10
and were incubated for 2 days before immunocytochemistry staining was performed. 
antibody targeting intermediate filaments in
using a FITC labelled second
any of the epithelial cell lines. The negative controls, IgG1 isotype control and secondary antibody only as 
well as DAPI on its own are shown figure 4.1
each done in duplicates and random pictures were chosen (x 63 magnification; scale bar = 31µm).
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-Calu-3 model system, whereas the epithelial cell markers CK5 and CK8 
-Calu-3. However, CK5 just showed very weak staining in the 
n HPF-C38 and in HPF-IB3
-cultures under submerg
antibody, which showed not only 
ifferent cell types in these model systems.
B3-1 or Calu-3 (figure 4.10). 
 images of Vimentin staining on HPF, C38, IB3
-well slides. 
4
 cells/well in 200 µl medium 
 fibroblasts was used as primary antibody and was visualized 
ary antibody. Positive staining could only be indentified for HPF and not for 
- 4.2. Images are representative of two individual experiments 
-1 but it appeared to 
-
-culture 
ed conditions 
-specific 
-culture 
 
 
-1 and Calu-3 
Vimentin, an 
 
 Figure 4.10 shows that the anti
when observing HPF and the 
was only detected on fibroblasts (indicating antibody binding) while the epithelial cells were only 
visible because of their DAPI
make it possible to accurately, specifically distinguish between fibroblasts and epithelial cells. As 
fluorescent microscopy, where the cultures are viewed from the top (epithelial to fibroblasts to 
membrane), can be useful as shown above, cross s
distinguishing the location of fibroblasts and epithelial cells followed by histoloigic analysis 
appeared to more clearly reveal where cell are in the model. For this method vimentin will be 
used for fibroblasts. 
 
4.4.2 Histological staining of mono
Histology processing was performed at Birmingham University after mono
formalin fixed in our laboratory. 
 
Figure 4.11 Light micrographs of hematoxylin and eosin (H&
HPF (submerged but on TW) and C38 and IB3
Hematoxylin stained the nuclei, while eosin was used to counterstain the non
and cytoplasm. In all three cell types HPF, C38 a
HPF showed a much greater distance between the nuclei compared to the epithelial cells, as their spindle 
shaped cell bodies were stretched out, whilst the epithelial mono
population, in which cells are closely linked together to form a pseudostratified like epithelium with much 
less intercellular space compared to HPF. No gross histological differences could be determined between 
the non-CF and CF model. T
it can still be seen on pictures of C38 and IB3
cell type. 
 
Histological staining on paraffin embedded cross sections of 
performed as earlier described in 2.8. Formalin fixed cross sections shown in figure 4.11 were 
haematoxylin and eosin (H&E) stained to visualize nuclei 
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-vimentin antibody showed absolute specificity for fibroblasts, 
three bronchial epithelial cell lines. Positive fluorescent staining 
-stained nucleus. Therefore, the anti-vimentin antibody ap
ectioning mono
- and co-culture models at ALI
 
E) stained cross sections of mono
-1 grown at ALI. 
-nuclear tissue components 
nd IB3-1 the dark purple nuclei could be identified readily. 
- cultures both show a di
he membrane of the TW was accidently separated from the HPF section, whilst 
-1. Images are representative of two TWs processed 
mono
(dark purple) and the cytoplasm
pears to 
- and co-cultures for 
 
- and co-cultures were 
 
-cultures of 
fferentiated cell 
for each 
- and co-cultures was 
 (pink) 
